Two vitamin D3-dependent calcium binding proteins increase calcium reabsorption by different mechanisms I. Effect of CaBP 28K  by Bouhtiauy, Ihssane et al.
Kidney International, Vol. 45 (1994), pp. 461-468
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Two vitamin l)3.dependent calcium binding proteins increase calcium
reabsorption by different mechanisms I. Effect of CaBP 28K. Several
clearance and micropuncture studies suggest that vitamin D deficiency
decreases calcium (Ca21 reabsorption by the nephron. In confirmation
of these observations, we reported recently that in vitamin D depleted
rabbits, Ca21 transport by both the luminal and the basolateral mem-
branes of the distal tubule was significantly diminished. It is also in the
distal tubule that vitamin D stimulates the synthesis of two calcium
binding proteins (CaBP) with molecular weights of 28K and 9K. The
purpose of this study was to investigate the role of the CaBP 28K in the
regulation of Ca2 transport by the two polar membranes of the distal
nephron of the rabbit. Results were compared to those obtained with
the corresponding membranes of the proximal tubule. The basolateral
and luminal membranes were purified from proximal and distal tubule
suspensions separately. Ca2 uptake was measured by the rapid filtra-
tion technique. Preloading the luminal membrane vesicles from proxi-
mal and distal tubules with 3 CaBP 28K strongly enhanced the initial
Ca2 uptake by the two membranes. When the vesicles, preloaded with
CaBP 28K and incubated with 0.5 ms Ca2, were abruptly diluted in a
medium containing 10 sM A 23187 and 2 ms EGTA, the release of Ca2
was slower than with control vesicles, suggesting that the excess of
transported Ca2 was bound inside the vesicles. The effect of CaBP
28K was dose-dependent with a hall-maximal effect at 10-6 M and a
maximal effect at 5 x 106 51. Kinetic analysis of the Ca2 uptake by the
control and the CaBP 28K treated vesicles revealed that the CaBP 28K
stimulates exclusively the high affinity system of Ca2 transport in the
distal luminal membrane, increasing the max from 0.36 0.05 to 0.66
0.13 pmolIsg/10 seconds (P < 0.001) and leaving the Km Ca2
unchanged. In contrast, the preincubation of basolateral membrane
vesicles from both the proximal and distal tubules with CaBP 28K in the
cis-position did not influence the ATP-dependent nor the Na-depen-
dent Ca2 uptakes, nor did it influence the uptake of 0.5 mM Ca2 by
these membranes when in trans-position. It is concluded that CaBP
28K, directly or indirectly, participates in the regulation of Ca2
transport by the luminal membranes. We speculate that the effect of
vitamin D in vivo is demonstrable in the distal tubule exclusively
because the synthesis of the vitamin D-dependent CaBP 28K occurs
only in distal tubules.
As early as 1974, Wasserman et al [1] reported high levels of
vitamin D-dependent calcium binding protein (CaBP) in the
distal tubules of chick and cow kidney, using immunocyto-
Received for publication November 30, 1992
and in revised form August 25, 1993
Accepted for publication August 26, 1993
© 1994 by the International Society of Nephrology
chemistry techniques. This observation was later extended to
other species, with microdissected tubules [2], histological
sections [3—9], or cell cultures [10]. CaBP 28K is found through-
out the cytosol and the nuclear euchromatin with no preferen-
tial localization in the cellular membranes [6, 11]. The exact role
of CaBP 28K in the kidney is not clearly defined. Clearance
studies indicate that vitamin D deficiency in the rat is accom-
panied by a decrease in calcium reabsorption [12, 13]. In
thyroparathyroidectomized dogs, the group of Pushett has also
shown that a two to four hour administration of either 25 or
1 ,25(OH)2D3 increases calcium reabsorption, probably at a
distal site of the nephron [14—17]. The active metabolite, 1,25
dihydroxyvitamin D3 [1 ,25(OH)2D3], binds to the distal nephron
[18, 19] and promotes the synthesis of CaBP 28K. Bindels et al
[20] confirmed these observations and showed that exposure of
cultures of rabbit distal nephron cells to 1,25(OH)2D3 for 48
hours increases CaBP 28K fourfold and the transcellular Ca2
absorption by 53%. It is therefore tempting to propose that the
1 ,25(OH)2D3-dependent synthesis of CaBP 28K and the in-
crease in Ca2 reabsorption are causally related. Recently, we
reported that administration of a vitamin D-deficient diet to
rabbits induces a decrease in Ca2 uptake by the luminal
membranes of the distal nephron, as well as a significant fall of
the ATP-dependent Ca2 transport by the basolateral mem-
brane of this segment [21]. Since the distal nephron contains
both CaBP 9K and 28K in a number of species [11, 22], the
present studies were undertaken to determine the specific
contribution of the CaBP 28K to this process.
Our results indicate that CaBP 28K in trans-position stimu-
lates Ca2 entry by the luminal membranes of both the proximal
and distal nephrons. In the distal luminal membrane, however,
the CaBP 28K increases only the high-affinity system of Ca2
uptake. The protein has no effect on Ca2 transport of any kind
and in any direction, by the basolateral membranes.
Methods
Tubule and membrane preparation
Proximal and distal tubules were prepared from rabbit kidney
by collagenase digestion and Percoll density gradient centrifu-
gation as described earlier [23]. Basolateral membranes were
purified from proximal and distal tubule suspensions separately,
also using the technique previously described [23]. Briefly, the
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proximal tubular suspensions were sonicated and centrifuged at
500 g. The supernatant was again centrifuged at 48,000 g for 30
minutes. The whitish upper layer was suspended in 250 mM
sucrose/20 mri Hepes pH 7.4 containing 13% (vol/vol) Percoll.
The top band, following a 30 minute centrifugation at 35,000 g,
enriched in basolateral membranes, was removed and washed
three times in 150 mri NaC1 and 20 mri Hepes pH 7.4. The
basolateral membranes from the distal tubules were prepared
directly from the homogenates by centrifugation in 20% Percoll
gradient. Luminal membranes were purified from the homoge-
nized proximal and distal tubule suspensions using a MgC12
precipitation step. Following the addition of 12 mrt MgC12 (final
concentration), the suspensions were stirred for 10 minutes on
ice and centrifuged at 4,000 g for 20 minutes. The membranes
were collected from the supernatant by another centrifugation
at 45,000 g for 20 minutes. The new sediment was washed three
times in 300 mri mannitol 20 mt Hepes-Tris pH 7.4. For the
enzyme marker enrichments of the four types of membranes,
we referred to previous studies using identical techniques of
preparation [21, 23—25]. Because there is no known specific
marker for the luminal membrane of the distal tubule, we
propose that the low content of the other membrane enzyme
markers on one hand, and the exclusive sensitivity of Na and
Ca2 uptakes by these luminal membranes to thiazides on the
other hand [241, confirm their identity.
Preincubation of the membranes with CaBP 28K
In vivo, CaBP 28K is located inside the cell. To reproduce the
in vivo situation, this protein was placed in trans-position
(CaBP inside and Ca2 outside the vesicles) for the measure-
ment of Ca2 uptake by the luminal membrane vesicles which
are mostly right-side out, and in cis-position (CaBP and Ca2
outside the vesicles) for the measurement of Ca2 uptake by the
inside-out basolateral membrane vesicles. The inside-out ori-
ented basolateral membrane vesicles represent approximately
76% and 30% of these vesicles from proximal and distal tubules,
respectively [23], The luminal membrane vesicles were loaded
with CaBP 28K by adding 3 pM CaBP to the membranes
immediately after the last washing step, prior to their vesiculi-
zation, for 120 minutes at 4°C. In the studies of Ca2 uptake by
the basolateral membranes, the membranes were preincubated
with 5 pM CaBP for 10 minutes at 35°C after the vesiculization.
Fig. 1. Effect of 3 psi CaBP 28K in trans-
position on Ca24 uptake by luminal
membranes of proximal (PT) and distal (DT)
tubules. The vesicles were preloaded (120 mm
at 4°C) with 300 mi mannitol, 20 m,m Tris-
Hepes pH 7.4 with (S) or without (0)3 M
CaBP 28K. The incubation medium contained
100 mM NaCI, 40 mM choline Cl, 20 mi Tris-
Hepes pH 7.4 and 0.5 mi 45CaC12, Data are
mean values SEM. N 3. * P < 0.05, ** P
<0.02, P < 0.01.
Since no CaBP was added to the incubation medium containing
the 45Ca, the final concentration of CaBP during 45Ca2 uptake
was sixfold less, that is, 0.8 pM.
45Ca2 uptake
Ca2 uptake by the membrane vesicles was measured by the
rapid filtration technique. The uptake by luminal membranes
was performed with a medium containing 100 mi NaCl, 40 mM
choline Cl, 20 mi Hepes-Tris pH 7.4 and 0.5 ifiM 45CaC12. The
vesicles were preloaded with 300 mt mannitol, 20 mi Hepes-
Tris pH 7.4 with or without 3 pri CaBP 28K. Incubation was
started by adding 250 pl of incubation medium to 50 p1 of
membrane suspension (100 pg protein). At the time indicated,
30 pl of the suspension were filtered and the filters were rinsed
with 6 ml of stop solution which consisted of 150 m.i KC1, 20
ifiM Tris-Hepes pH 7.4 and 2 m EGTA. In the experiments
using several concentrations of Ca2, the rinsing solution
contained 10 m instead of 2 mrt EGTA to completely chelate
the Ca2 bound to the outer surface of the vesicles.
To insure that the 45Ca retained by the vesicles during the
time of incubation was not extravesicular binding, suspensions
of luminal membranes, prepared as described above, were
preincubated with CaBP 28K after a two hour vesiculization.
Then, Ca2 uptake was measured and compared to the uptake
by control vesicles, preincubated in the absence of CaBP.
Na and ATP-dependent Ca2 uptakes by the basolateral
membranes were also measured by the rapid filtration tech-
nique. In the Na-dependent Ca24 transport experiments, the
vesicles were preloaded with either 150 m.i of NaC1 or KCI and
20 mrvi Tris-Hepes pH 7,4. The incubation medium contained
150 mM KCI, 20 mM Tris-Hepes pH 7.4, 0.1 mM EGTA and 2
pM free Ca2t In the ATP-dependent uptake experiments, the
vesicles were loaded with 150 mri KC1 and 20 mi Tris-Hepes
p1-I 7.4. The incubation medium contained 150 mss KCI, 20 mM
Tris-Hepes pH 7.4, 1 m MgCl2, 0.1 m EGTA, 0 or 2 mM AlP
and 45CaCl2 (2 p free Ca2). In all of the experiments, the
total calcium was calculated using the binding constants of H,
calcium and magnesium to EGTA and ATP as described by Van
Heeswijk, Geertsen and Van Os [26].
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Fig. 2. Effect of 3 sse parvalbumin, in trans-position, on Ca' uptake
by luminal membranes of distal tubule. The protocols of these expen-
ments were the same as in Fig. 1 except that CaBP 28K was replaced by
parvalbumin at the same concentration. Data are mean values SEM. N
= 3. Symbols are: (is) control, (•) parvalbumin loaded vesicles.
Ca2 release experiments
Finally, the fate of the Ca2 transported into the intravesic-
ular space was studied using the Ca2 ionophore, A 23187.
Luminal membrane vesicles preloaded with 300mi mannitol,
20 mts Tris-Hepes pH 7.4 with or without 3 jLM CaBP 28K were
incubated for 30 seconds in a medium containing 0.5 mas 45CaC1
as described above and abruptly diluted 1/20 in 100 ma'i NaCL,
40 mM choline chloride, 20 ma Tris-Hepes pH 7.4, 10 sM A
23187 and 2 mai EUTA. The Ca2 remaining in the vesicles was
then measured sequentially, at the indicated time, by the rapid
filtration technique.
Statistical analysis
Values are presented as means SEM. Results from the same
batch of membranes studied under different conditions were
compared by the appropriate Student's t-test.
The kinetics of Ca2 uptake by the luminal membrane were
calculated according to a non-linear regression analysis, using
the equations described by Huntson [27]. In each experiment,
passive diffusion of Ca2 was evaluated by the slope of Ca2
uptake at saturating concentrations of Ca2.
Material
Vitamin D-dependent CaBP 28K was purified from rat kidney
according to Pansini and Christakos [28]. Calmodulin was
obtained from Sigma Chemical Co. (St. Louis Missouri, USA).
Results
0
10 30 60 90 120
Time, seconds
FIg. 4. Effect of CaBP 28K in cis-position on Ca2 uptake by luminal
membranes of distal tubule. In these experiments, the membranes were
preincubated with 300 mr's mannitol, 20 mM Tris-Hepes pH 7.4, with or
without 3 sM CaBP 28K, after instead of before their vesiculization as
in Figs. 1 and 2. Incubation medium contained 100 mM NaCI, 40 mM
choline Cl, 20 mr's Tris-Hepes pH 7.4 and 0.5 mM 45CaCl2. Data are
mean values SEM. N = 3. Symbols are: (Li) control, (•) CaBP 28K in
the medium.
Effect of CaBP 28K on Ca2 uptake by the luminal
membranes of proximal and distal tubules
Preloading of the luminal membrane vesicles from both
proximal and distal tubules with 3 JiM CaBP 28K resulted in a
significant stimulation of the 0.5 mr's 45Ca2 uptake during the
first 60 seconds of incubation (Fig. 1). However, the effect of
CaBP 28K decreased with the time of incubation. After five
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Fig. 3. Effect of 3 s CaBP 28K in trans-position on Ca2 uptake by
luminal membranes of distal tubules, in the absence of Na. The
experimental conditions were the same as in Fig. 1 except that the Na
in the incubation medium was replaced by choline. Data are mean
values SEM. N = 3. Symbols are: (0) control, (S) CaBP 28K loaded
vesicles.
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Fig. 5. Effect of A 23187 and EUTA on the
release of intravesicular Ca' from vesicles
loaded (I) or not (0) with CaBP. In these
experiments, the vesicles were preloaded with
300 mM mannitol, 20 mat Tns-Hepes pH 7.4
with or without 3 ILM CaBP 28K. They were
incubated 30 seconds at 35°C in a medium
containing 100 mat NaCI, 40 mat choline Cl,
20 mas Tris-Hepes pH 7.4 and 0.5 mM
45CaC12. Then, they were abruptly diluted 1/20
in a medium containing 100 mat NaCI, 40 mM
choline CI, 20 mat Tris-Hepes pH 7.4, 10 mat
A 23187 and 2 mat EGTA. Inset: Variations of
the 10 second Ca efflux from vesicles
loaded (•) or not (0) with 3 sM CaRP 28K,
with the intravesicular Ca'- content. The
_____________
protocol was the same as above. The
regression slopes of the two series of00 experiments were: y = 0.71 x — 0.09 in
control and y = 0.28 x + 0.14 in the loaded
vesicles. P < 0,001.
minutes for the proximal membranes and 30 minutes for the
distal membranes, no further significant difference in intrave-
sicular calcium was observed between the two groups (loaded
or unloaded) of vesicles. For comparison, paired experiments
were performed using vesicles loaded or not with 3 pM parval-
bumin. The presence of parvalbumin did not increase Ca24
uptake by the vesicles (Fig. 2).
In all of these experiments, Ca2 uptake was measured with
a medium containing 100 m Na. As previously reported [29],
the presence of Na' per se strongly inhibited Ca2 uptake by
the luminal membrane of distal tubules. When the vesicles were
incubated in the absence of Na4, 3 at CaBP 28K did not
influence the Ca24 uptake (Fig. 3).
In the above experiments, we measured the 45Ca24 retained
by vesicles that were loaded or not with CaBP 28K. It is
presumed that this 45Ca2 was localized within the vesicles and
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Fig. 6. Eadie-Hofstee plot of Ca24 uptake by distal luminal mem-
branes preloaded (•) or not (0) with 3 p.M CaBP 28K. Two kinetics
were reproducibly demonstrable. The presence of CaBP 28K in trans-
position increased the Vmax of the high affinity system from 0.36 0.05
to 0.66 0.13 pmol/p.g/l0 seconds. (P < 0.001). The other kinetic
parameters (Km of the high affinity system, Km and Vmx of the low
affinity system) remained unchanged. N 5.
not simply bound to the outer surface, because the stop solution
used to rinse these vesicles following their incubation contained
2 mat EGTA. To further confirm that the increase in Ca24
uptake observed in those vesicles that were preloaded with
CaBP 28K was not due to extra vesicular binding of both CaBP
28K and secondarily Ca2, distal membranes were preincu-
bated with CaBP 28K after their vesiculization. As shown in
Figure 4, Ca2' uptakes by these vesicles and their control were
not different. Therefore, the excess of Ca24 retained by the
CaRP 28K loaded vesicles was indeed inside the vesicles, either
2 3 4 5 6 7 free or bound to the internal surface of the membranes.
In the absence of CaBP 28K, the major portion of Ca24
v/s. mM uptake by the luminal membranes of the proximal tubule
represents Ca24 bound to the internal surface of the membrane
[30—32]. To confirm firstly that this is the case with the luminal
membranes of the distal tubule, and secondly, that the excess of
Ca24 uptake by the vesicles loaded with CaBP 28K also
consists of bound Ca24, the vesicles were incubated for 30
seconds in the usual incubating medium containing 0.5 mM
45Ca24, 100 m Na4 and 40 m choline Cl, and then abruptly
diluted 1/20 in a medium containing 10 p.M A 23187 and 2 mr.s
EGTA and no Ca2t Figure 5 represents the time-course of the
efflux of Ca2 from the control and CaI3P 28K loaded vesicles.
As shown in the inset of the Figure 5, in both series of vesicles,
loaded or not loaded with CaBP 28K, the 10 second Ca24 efflux
was directly related to the intravesicular content of calcium, but
the slope of the relation efflux/intravesicular calcium (y = 0.71
x — 0.09 in control vesicles vs. y = 0.28 x + 0.14 in loaded
vesicles) was steeper in the control than in CaBP loaded
vesicles (P < 0.001), suggesting that the excess of calcium
contained in the loaded vesicles was bound. However, the
calcium remaining in the vesicles at steady state was identical in
the two groups of membrane vesicles. Dilution of the vesicles in
a hypoosmotic medium, or in a isoosmotic medium containing
either 10 p.M A 23187 or ROTA alone did not result in a rapid
efflux of Ca24, whether the vesicles contained CaBP 28K or not
(not shown).
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Control CaBP 28K
Km mi High affinity
Low affinity
0.13 0.04
0.96 0.08
0.18 0.04
1.07 0.14
'max nmol/mg/10 High affinity 0.36 0.05 0.66 0.13a
seconds
Low affinity 1,74 0.04 1.66 0.08
a P < o.ooi
Effect of CaBP 28K on the two kinetics of Ca2 transport
through the luminal membrane of the distal tubule
Recently, we have obtained evidence for the existence of two
systems of Ca2 uptake by the luminal membrane of the distal
tubule [29]. To investigate whether the presence of CaBP 28K
was preferentially influencing one of these two systems, Ca2
uptake was measured with Ca2 concentrations from 0.025 to 5
m in a medium containing 100 mrs Nat, 40 m choline Cl and
20 mM Tris-Hepes pH 7.4. Figure 6 represents the Eadie-
Hofstee plot of these results. The analysis of the two curves by
a non-linear regression program shows that the presence of 3
/LM CaBP 28K in trans-position enhanced Ca2 uptake by the
high affinity system exclusively, increasing the Vmax from 0.36
0.05 to 0.66 0.13 pmolIsgI10 seconds (P < 0.001) and
leaving the Km of this system unchanged (0.13 0.04 and 0.18
0.04 mM, NS). Kinetic parameters of the low affinity system
were not influenced by the presence of CaBP 28K (Table 1).
Dose-response curve of CaBP 28K on Ca2 uptake by the
distal luminal membrane
The effect of CaBP 28K on Ca2 uptake by the luminal
membrane of the distal tubule was dose-dependent. Figure 7
shows the dose-response curve of this effect. In a medium
containing 100 m NaCI, the maximal and half-maximal re-
sponses were obtained at 5 x 10—6 M and 10 M, respectively.
Effect of CaBP 28K on Ca2 transport by the basolateral
membrane
In these experiments, 45Ca2 was included in the incubation
medium, in the presence or absence of 2 m ATP. Therefore,
the uptake which was measured concerned the inside-out
vesicles. The CaBP 28K was added to the vesicle suspension,
that is, in cis-position. Two micromolars of Ca2 were used as
the substrate. As shown in Figure 8a, the presence of 0.8 sM
CaBP 28K in the medium did not influence the ATP-dependent
Ca2 uptake, nor the basal transport of Ca2 in the absence of
ATP (not shown). Figure 8b represents the action of CaBP 28K
in the cis-position upon the Na-dependent Ca2 uptake. Here
also, CaBP 28K failed to influence the Na-dependent Ca2
transport.
Finally, to investigate whether the action of CaBP 28K in the
trans-position was specific to the luminal membranes, we
measured Ca2 uptake by basolateral membranes with CaBP
28K inside the vesicles. As shown in Figure 9, the presence of
3 isM CaBP in trans-position did not influence the 0.5 mi Ca2
uptake by the basolateral membrane vesicles [33].
Because a dihydropyridine has been shown to inhibit the
action of PTH on Ca2 uptake by distal tubule cells [34], we
Log CaBP 28K, M
Fig. 7. Dose-response curve of the effect of CaBP28K on 0.5mM Ca'
uptake by the luminal membranes of distal tubules in the presence of
100 msi NaG!. Except for concentrations of CaBP 28K, the experimen-
tal conditions were the same as those presented in Figure 1. N = 3.
investigated the combined action of the Ca2 channel blocker
Nitrendipine and CaBP 28K on Ca2 uptake by the distal
luminal membranes, in three experiments. The addition of 10
pM Nitrendipine to the membrane suspension, after vesiculiza-
tion, did not prevent in any of the three experiments, the action
of CaBP 28K on Ca2 uptake.
Discussion
In the rabbit, we reported that vitamin D deficiency induces
a defect in Ca2 transport by the luminal membrane and in the
ATP-dependent transport in the basolateral membrane of the
distal tubule [21]. The present study shows that the vitamin
D-dependent CaBP 28K, which is synthesized in the distal
nephron, is probably an important link between the vitamin and
its effect on the distal luminal membrane. It is believed that the
reported action does not reflect an artifact due to the non-
specific binding of Ca2 outside of the vesicles because CaBP
28K enhanced Ca2 transport only when it was in the trans-
position. Finally, we assume that whereas in vitro the CaBP
28K increases Ca2 transport by both the proximal and distal
luminal membranes, in vivo vitamin D affects only the mem-
brane of distal tubules because the CaBP 28K is absent from the
more proximal sites. However, the mechanisms by which CaBP
28K increases Ca2 transport remain unclear.
Hypothetically, the CaBP 28K may increase Ca2 uptake by
binding the transported Ca2, thus increasing the ionized Ca2
gradient from the tubular lumen to the microenvironment at the
internal surface of the membrane, and maintaining this gradient
despite the constant influx of Ca2t We do not believe that
CaBP 28K only acts through its calcium binding capacity for
several reasons. First, if this was the case, one would expect
that the CaBP 28K in trans-position affects Ca2 uptake in all of
the Ca2 transport systems, in any membrane, which is not the
Table 1. Effect of 0.3 jsM CaBP 28K on kinetic parameters of Ca2
transport by the distal luminal membranes
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Fig. 8. Effect of CaBP 28K on the ATP (left
side) and Na4 (right side) dependent Ca24
uptakes by basolateral membrane vesicles of
distal tubules. In the ATP-dependent uptake
experiments, the vesicles containing 150 mM
KCI, 20 mss Tris-Hepes pH 7.4 were
preincubated with (•) orwithout (0) 5
CaBP 28K for 10 minutes at 35°C. Ca2'
uptake was measured with a medium
containing 150 mas KCI, 20 ma Tris-Hepes
pH 7.4, 0.1 mM EGTA, 2 ma ATP, 1 m free
Mg24 and 2 f.LM free Ca2 (95 45CaC12). In
the Na4/Ca2 exchange experiments, the
vesicles loaded with 150 ms KCI or NaCI,
and 20 mri Tris-Hepes pH 7.4, were
preincubated with (S) or without (0) 5
CaBP 28K. Ca2 uptake was measured with a
medium containing of 150 ms KCI, 20 mM
Tris-Hepes pH 7.4, 0.1 mM EGTA, 1 filM free
Mg2 and 2 M free Ca24. Data are mean
values SEM. N = 3.
by molecule), the observed excess of Ca24 uptake at 5 seconds
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Fig. 9. Effect of CaBP 28K in trans-position, on Ca24 uptake by
basolateral membrane vesicles of distal tubules. The vesicles were
preloaded with 150 ms KC1, 20 mas Tris-Hepes pH 7.4 with or without
3 jsss CaBP 28K. Ca24 uptake was measured with a medium containing
150mM KCI, 20 msi Tris-Hepes pH 7.4,0.1 mas EGTA, I mM Mg24 and
0.5 mM Ca24. Data are mean values SEM. N = 3. Symbols are: (0)
control, (•) CaBP 28K loaded vesicles.
case. Second, the dose-response curve of the effect of CaBP
shows that the action of CaBP is not proportional to its
concentration, but rather reaches a maximal level at 10 M,
which is another argument against a passive mechanism. Third,
if CaBP was activating Ca24 uptake simply by binding calcium,
the steady state calcium content of the vesicles would be higher
in the loaded than in the control vesicles. In our experiments,
only the initial Ca24 uptake was affected by CaBP. Fourth,
considering the vesicular volume (±5 p11mg), the substrate
concentration (0.5 m Ca24), the intravesicular CaBP concen-
tration (3 M) and the calcium binding capacity of CaBP (6 Ca24
surpasses by more than tenfold the calcium binding capacity of
the intravesicular 3 tM CaBP. Finally, paravalbumin, using the
same experimental conditions did not increase Ca24 uptake.
These observations, taken together, suggest that the action of
CaBP 28K in the intact cell is more complex than via a simple
binding process. Indeed, in intact cells, a lag time is constantly
observed between the vitamin D-dependent appearance of
newly synthesized CaBP 28K and the increase in Ca24 trans-
port. In the gut, the appearance of CaBP 28K precedes the
increase in Ca24 transport by two hours [34, 35]. This lag time
suggests a second mechanism, that is slower than the immediate
binding of Ca2, and necessary to achieve the enhancement of
Ca24 transport. Based on in vitro chamber experiments 1361 and
theoretical analysis of CaBP facilitated diffusion [37—39], a role
for this protein has been proposed in the transcellular diffusion
of Ca24. Since our protocol involves membrane vesicles and
not whole cells, such a mechanism cannot be responsible for the
enhancement of Ca24 transport by the CaBP 28K.
According to our data, CaBP 28K enhances Ca24 reabsorp-
tion probably through a mechanism of protein to protein inter-
action at the internal surface of the membrane. This action does
not necessitate the presence of messengers, kinases, ATP nor
GTP, and is not inhibited by Nitrendipine. As a result, the initial
uptake is enhanced, and the excess of transported calcium is
immediately bound inside the vesicle, to a molecule x which is
not CaBP, and may belong to the membrane or be part of the
membrane-linked cytoskeleton. We propose that the role of
CaBP 28K is either to activate the Ca24 transport system, or to
increase the affinity of the molecule x for calcium, thus decreas-
ing the free calcium concentration inside the vesicles and
protecting the Ca24 gradient. However, neither of the two
hypotheses, that is, direct action of CaBP on the Ca24 carrier,
or indirect action through a change of the affinity of molecule x
for calcium, satisfactorily explains why CaBP influenced spe-
cifically the Ca24 uptake of the proximal luminal membrane and
the high-affinity system of the distal luminal membrane, leaving
the low-affinity system unchanged.
Another unsolved question is the lack of apparent correlation
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between our dose-response curve of CaBP 28K action on Ca2
transport and the reported intracellular concentrations. In our
membrane experiments, the half-maximal effect of CaBP on
Ca2 transport by the distal luminal membrane was observed at
1 jiM. If the intracellular concentration of this protein is
approximately 50 jiM as calculated by Thomasset, Parkes and
Cuisinier-Gleizes [7] and Bindel et al [201, then its in vivo action
should be maximal, and small variations of CaBP should not
influence Ca2 uptake. However, it is highly probable that the
CaRP 28K is not free in the cytosol, but rather bound to the
cytoplasmic matrix [40]. If this is the case, the true concentra-
tion in the cytosol facing the inner surface of the cell membrane
remains unknown and may approach the EC50 value that we
observed in our in vitro experiments.
Finally, we have been unable to demonstrate any action of
CaBP 28K on either of the two mechanisms of Ca2 transport
by the basolateral membrane of the distal tubule. Since, as we
previously reported [21], vitamin D depletion decreases very
specifically the ATP-dependent transport, it is assumed that
messengers other than CaBP 28K are involved in this process.
As a working hypothesis, it is proposed that 1 ,25(OH)2D3 acts
on the renal calcium pump through the synthesis of the other
vitamin D dependent CaBP, that is, the CaBP 9K.
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